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D scription 



The present invention relates to a process for production of paper utilizing a special combination of sub- 
stances for improvement of retention and dewatering. More particularly the invention relates to the use of a 

5 special combination of aluminum compound, polymeric silicic acid and a cationic retention agent. 

It is well-known to utilize combinations of cationic r tention agents and inorganic silica based colloids in 
the production of paper for improved retention and drainage. The EP-A-41056 discloses the use of cationic 
starch in combination with silicic acid sols for this purpose and the EP-A-218674 discloses combinations of 
cationic polyacrylamides and silica sols. From the US-A-4643801 It Is further known to utilize a combination 

10 of cationic starch, ank)nic silica sol and an anionic high molecular weight polymer in the production of paper. 
The three-component system according to the US patent can be used in combinatk>n with aluminum com- 
pounds such as alum, sodium aluminate and polyaluminum hydroxychloride. 

The commercial silica based colloids which have been increasingly used in papermaking during the last 
few years are of the type which has colloidal particles generally with a particle size of from about 4nm to about 

15 7nm, ie a specific surface area of from about 700 to about 300 m^/g, although it is known, eg from the EP-A- 
41056, to use polymeric silicic ackJ in papermaking. It has generally been consklered that colloidal silicic ackl 
sols with particles of above given size give the best results and these have also been preferred with regard 
to stability. 

According to the present invention It has surprisingly been found that the retention and dewatering effect 
20 of a system of cationic polymeric retention agent and polymeric silicic acid, also called polysilicic acid, with 
very high specific surface area can be considerably increased by the presence of aluminum compounds. For 
these systems aluminum compounds give especially a substantially improved dewatering effect compared with 
when they are used in systems with silica based colloids of the commercial type. As a result of the improved 
dewatering the speed of the papermachine can be increased and, in additton, less water has to be brought 
25 away In the press and drying sections of the papermachine and thus a substantially improved papermaking 
process with regard to economy is obtained. The combinations according to the invention give an improved 
strength of the flocks and this in turn means that higher shearing forces can be utilized in the paper production 
without negative effects. Stocks containing pulp produced according to the sulphate method for the production 
of different kinds of paper qualities most often have high contents of salt, and particularly of sodium sulphate, 
30 which oive a high ionic strength which can have a negative influence on the effect of the paper chemicals that 




and that they give a considerably improved effect in such stocks in comparison with corresponding systems 
with silica based colloids of the commercial type. Also for wood containing stock and stocks of recycled fibres 
with high contents of dissoh^ed organic substances better effects are obtained according to the present inven- 

35 tion than with commercial silica sols. 

The present invention thus relates to a process for the production of paper by forming and dewatering a 
suspension of cellulose containing fibres, and optionally fillers, on a wire, whereby the forming and dewatering 
takes place in the presence of an aluminum compound, a cationic polymeric retention agent and a polymeric 
silicic ackl having a specific surface area of at least 1050 m^/g. 

40 The three components can be added to the fibre suspension in arbitrary order. The best results are gen- 
erally obtained if the aluminum compound is added before the two other components. The combinatton ac- 
cording to the invention can be used for stocks within a broad pH range, from about 4 to about 10. At about 
neutral pH, 6 to 7, almost equally good results are obtained independent of the order of addition for the cationic 
retention agent and the polymeric silicic acid. At a more acid pH, below 6, it is preferred to add the polymeric 

45 silicic acid before the cationic retention agent while, as a rule, better effect is obtained If the polymeric silicic 
acid is added after the cationic retention agent for stocks with a pH at>ove 7. 

As aluminum compound any such compound known for use in paper production can be utilized, for example 
alum, polyaluminum compounds, aluminates, aluminum chloride and aluminum nitrate. Alum and sodium alu- 
minate are especially suitable. Particularly good results have been obtained with sodium aluminate and thus 

so this compound, which also is cheap, is preferred as aluminum source. 

Alum and sodium aluminate are well-known paper chemicals and thus do not require any further definition. 
By polyaluminum compounds are herein understood such compounds known per se for use in papermaking. 
Polyaluminum compounds are termed basic and consist of polynudear complexes. The polyaluminum com- 
pounds shall, in aqueous solution, contain at least 4 aluminum atoms per ion and preferably at least 10. The 

55 upper amount of aluminum atoms in the complexes are dependent on the composition of the aqueous phase 
and can vary, g depending on the concentratbn and the pH. N rmally th amount do s not exceed 30. Th 
molar ratio of aluminum to counter ion, with the exception of hydroxid tons, should be at I ast 0.4:1 and pre- 
ferably at least 0.6:1. As example of a suitable polyaluminum compound can b mentioned compounds with 
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the net formula 

n[A!2(OHUCl6.„J 

which have a basicity of from 30 to 90%. preferably from 33 to 83%. (m=2 and m=5, respectively). Basicity is 
defined as the number of OH-groups divided by the number of OH groups and chloride ionsx 100, ie (m:6)x100. 

5 The polyaluminum compound can also contain other anions than chloride ions, g anions from sulphuric acid, 
phosphoric acid, organic acids such as citric acid and oxalic acid. The most common type of polyaluminum 
compound has m=3. ie Al2(OH)3Cl3 with a basicity of about 50% and compounds of this type, both such con- 
taining sulphate and such free from sulphate, are commercially available. 

As cationic polymeric retention agent such which are conventionally used in papermaking can be used ac- 

10 cording to the present invention and they can be t>ased on carbohydrates or be synthetic. As examples of suit- 
able cationic retention agents can be mentioned cationic starch, cationic guar gum, cationic polyacrylamides, 
polyethyleneimines and polyamidoamines. Cationic starch and cationic polyacrylamides are the preferred ca- 
tionic retention agents. 

The polymeric silicic acid which is used as anionic Inorganic substance in the present combination has a 

IS very high specific surface area, which as lowest is lOSOm^/g. The particles suitably have a specific surface 
area within the range of from 1100 to lyOOm^/g and preferably within the range of from 1200 to ISOOm^/g. The 
given specific surface area is measured by means of titration according to the method disclosed by Sears in 
Analytical Chemistry 28(1956)1981. The polymeric silicic acid can be prepared by acidification of alkali metal 
silicate, such as potassium or sodium water glass, preferably sodium water glass. These are available with 

20 varying molar ratios of Si02 to Na20 or K2O and the molar ratio is usually within the range of firom 1.5:1 to 
4.5:1 and the water glass usually has an original pH around 13 or above 13. Any such alkali metal silicate or 
water glass can be used for the preparation of the fine particle polymeric silicic acids and this preparation is 
carried out by acidification of a diluted aqueous solution of the sflicate. For the acidification mineral ackJs, such 
as sulphuric acid, hydrochloric ackl and phosphoric acid, or acid ton exchange resins can for example be used. 

25 A nuniber of other chemicals for addlficatton at production of polysilidcackl are also kn^ 

pies of such other chemicals are ammonium sulphate and carbon dioxide. Mineral adds or add ion exchange 
resins or combinations of these are suitably used. The acidification is carried out to a pH within the range of 
from 1 to 9 and suitably to a pH within the range of from 1.5 to 4. The polymeric silicic acid which is termed 
activated silicic acid, which is prepared by partial neutral ization of the alkali metal content to a pH of at>out 8 

30 to 9 and polymerisation usually during about half an hour to an hour, can be used as such directly thereafter 
but must otherwise be diluted to a content of not more than 1 per cent by weight for interrupting the polymer- 
isation or be acidif ied to the preferred pH range in order to avoid gelation. 

The acidification according to the aboye is most suitably carried out by means of acid ion exchangers, 
among other things to get more stable products and to avoid that salts from the ackiif ication are added to the 

35 stock through the polymeric silicic acid. The polymeric silicic add which is formed at the acidification consists 
of macro-molecules or particles of a size of the order of 1nm which form voluminous chains and networks. 
Compared with the silica sols of larger particle size which are used commercially in papermaking those which 
are utilized according to the present invention are considerably less stable both with regard to stability in re- 
lation to concentration and stability at storage. The polymeric silicic acids should thus after the acidification 

40 suitably not be present in higher concentrations than about 5 per cent by weight, and preferably not higher than 
2 per cent by weight They should not be stored for too long times but it has, nonetheless, been found that a 
certain storage time can be advantageous. Thus, for example, a storage of a day or a couple of days at a con- 
centration of not more than about 4 to 5 per cent by weight is entirely acceptable with regard to stability and 
can even result In an improved effect At a concentration of 1 %, or below, storage for two to three weeks without 

45 impaired stability Is possible and all the time with good effect, or even better effect than without storage. After 
storage for about three weeks at room temperature an initial gelation is noticeable. The polymeric silicic acid 
is principally uncharged at a pH of about 2.0 but anionically charged in the stock with increasing negative charge 
with increasing stock pH. 

The polymeric silidc acids which are used according to the present process should thus be produced in 
50 connection with their use and such a production at the location in or dose to a paper mill is perse advantageous 
In that cheap raw materials and simple preparation processes are used. The economy of the present process 
will thus be very good since the polymeric silicic acid is economically advantageous and the aluminum com- 
pounds give a considerable increase in effect 

The amount ofpolymeric silicic acid and cationic retention ag nt in paper producti n according to the pres- 
55 ent Invention can vary within wide limits depending among ther things on the type of stock, the presence of 
fillers and other conditions. The amount of polymeric silicic acid should b at least 0.01 kg/ton, calculated as 
dry on dry fibres and optional fillers, and is suitably within the range of from 0.1 to 5 kg/ton and pr ferably 
within the range of from 0.1 to 2 kg/ton. The polymeric silicic acid is suitably added to the stock in the form of 
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aqueous solutions having dry contents within the range of from 0.1 to 1 per cent by weight. The amount of 
cationic retention agent to polymeric silicic acid is highly dependent on the type of cationic retention agent and 
other effects desired from this. The weight ratio of cationic retention agent to polymeric silicic acid should usu- 
ally be at least 0.01:1 and suitably at least 0.2:1. The upper limit for the cationic retention agent is first of all a 
5 question of economy and of charge. For retention agents with lower cationicity such as cationic starch very 
high amounts can thus be used, up to a ratio of 100:1 and higher, and the limit is mainly set by reasons of 
economy. For most other systems suitable ratios of cationic retention agent to polymeric silicic acid are within 
the range of from 0.2:1 to 20:1. The amount of aluminum compound can also vary within wide limits and it is 
suitable to use the aluminum compound in a weight ratio to the polymeric silldc acid of at least 0.01 :1 . whereby 
10 the aluminum compound has been calculated as AI2O3. Suitably the ratio does not exceed 3:1 and is preferably 
within the range of from 0.02:1 to 1.5.1 and most preferably within the range of from 0.05:1 to 0.7:1, 

The present three-component system can be used in the production of paperfrom different types of stocks 
of cellulose containing fibres and the stocks should suitably contain at least 50 percent by weight of such fibres. 
The components can for example be used as additives to stocks from fibres from chemical pulp, such as sui- 
ts phate and sulphite pulp, thermomechanical pulp, refiner mechanical pulp or groundwood pulp, from as well 
hardwood as softwood and can also be used for stocks based on recycled fibres. The stocks can also contain 
mineral fillers of conventional types such as kaolin, titanium dbxide, gypsum, chalk and talcum. Particularly 
good results have been obtained with stocks which are usually considered as difficult and which contain com- 
paratively high amounts of non-cellulose substances such as lignin and dissolved organic materials, for exam- 
20 pie different types of mechanical pulps such as groundwood pulp. The combinations according to the invention 
are particularly suitable for stocks containing at least 25 per cent by weight of mechanical pulp. It should also 
be menttoned that the combinatk>n according to the invention has shown superior properties for stocks which 
have a high tonic strength due to the presence of salts, such as sodium sulphate, which often occur as residual 
chemicals firom the original pulp production, the bleaching or from recycled fibres. The terms paper and paper 
25 production which are used herein do of course include, in addition to paper, pulp sheets, board and paper board 
prepared from stocks containing mainly cellulose containing fibres. 

In the present process for the production of paper conventional other paper additives can of course be 



used in addition to the three components according to the invention. Fillers have been discussed above and 
as examples of other additives can be mentioned hydrophobing agents, based on rosin or synthetic hydrophob- 




same. Parts and per cent relate to parts by weight and per cent by weight respectively, unless otherwise stated. 



Example 1 

35 

A polymeric silicic acid was prepared as follows. Water glass (Na20.3.3Si02) was diluted with water to a 
Si02 content of 5 per cent by weight The aqueous solution was ion exchanged using ion exchange resin Am- 
berlite IR-1 20 to a plH of 2.3. The specific surface area of the obtained ackl polymeric silicic acid was measured 
by titration according to the mentioned method and found to be 1450m2/g. 

40 

Example 2 

In this test the dewatering was evaluated with a "Canadian Freeness Tester" which is the conventional 
method for characterizing drainage according to SCAN-C 21 :65. All additions of chemicals were made in a "Britt 

45 Dynamic Drainage Jar with a blocked outiet at a stirring speed of 800 rpm during 45 seconds and the stock 
system was then transferred to the Canadian Freeness apparatus. 

The stock was a groundwood pulp beaten to 120 ml CSF. The aluminum compound used was sodium alu- 
minate and the cationic retention agent was cationic starch. The polymeric silicic acid according to Example 1 
was used and comparisons were made with a commercial silica sol produced by Eka Nobel AB and having a 

so specific surface area of 500m2/g. The cationic starch (CS) with a D.S. of about 0.035 was in all tests added in 
an amount corresponding to lOkg/ton dry pulp. The polymeric silicic acid (=the polysilicic acid) and the com- 
mercial sol for comparison were added in an amount corresponding to 1 kg, calculated as Si02, per ton dry 
pulp and the amount of aiuminate, calculated as AI2O3, was 0.1 5 kg/t when it was added. The tests were carried 
out at a pH of 8.5 andwith varying additions, g/l stock, of salt, Na2SO4.10H2O. The aiuminate was added firet 

55 in all teste, the cationic retention agent was added subsequentiy and lastly the polysilicic acid or th commercial 
sol was added. 
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A1203 



kq/t 



Polys 11 Icic 
acid kq/t 



Consn cclal 
sol kq/t 



ml 



0.15 



0.15 



10 
10 
10 
10 



1 
1 



1 
1 



315 
430 
280 



0.5 
0.5 
0.5 
0.5 



0.15 



0.15 



10 
10 
10 
10 



1 
1 



300 
410 



310 



2.0 
2.0 
2.0 
2.0 



0.15 



0.15 



10 
10 

10 

10 



1 
1 



1 
1 



280 
375 
240 
295 



Example 3 

With the same stock, groundwood pulp beaten to 120 ml CSF, and the same procedure as In Example 2 
tests were carried cut at different pH of the stock and using different cationic retention agents, cationic guar 
gum, (guar), cationic polyacryiamide (PAM) sold by Allied Colloids under the designation Percol 140, and poly- 
ethyleneimine (PEi) sold by BASF underthe designation Polymin SK. 0.S g/l of NajSOvlOHjO had been added 
to the stock. Sodium aluminate was used as the aluminum compound. The retention agent was in all tests add- 
ed to the pulp before addition of the polymeric siicic add according to Example 1 . 



PH 



AI2O3 
kq/t 



Ret . ageat 

type/kq/t 



Polyslllclc 
acid kq/t 



ml 



7.5 

7.5 0.15 



guar/ 3. 3 
guar/ 3 . 3 



1 
1 



300 
375 



5.5 



PEI/0.67 



205 



5.5 0.60 



PEI/0 . 67 



270 



7.0 

7.0 -0.15 



PAM/0 . 67 
PAM/0.67 



1 
1 



220 
275 



ExampI 4 



In this example a standard pulp of €0% bleached birch sulphat pulp and 40% bleached pin sulphat pulp 
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with 30% added chalk and 0.5 g/l of added Na2SO4.10H2O was used. The pH of the stock was 8.5 and the 
freeness tests were carried out as in Example 2. The order of addition was as follows: aluminum compound, 
cationic starch (CS) and then polysillcic acid or commercial sol according to ExampI 2 for comparison. In ad- 
dition to aluminate tests were also made with alum, aluminum chloride (AICI3) and polyaluminum chloride 
(PAC). The last mentioned compound was the polyaluminum chloride sold by Hoechst AG under the designa- 
tion Povimal. The amounts for all the aluminum compounds are given as AI2O3. Th original CSF for the stock 
was 295. 



10 



15 



20 



25 



Al-compound 
tv oe/kg/t 

aluminate/O . 15 
alum/0 • 15 
AICI3/0.IS 
PAC/0.15 
Comparison: 

alumina te/0 • 15 



CS 

ka/t 
10 
10 
10 
10 
10 

10 
10 



Polysillcic 
acid^kg/t 
1 
1 
1 
1 
1 



Commercial 
sol kq/t 



ml 



1 
1 



570 
710 
695 
690 
690 

505 
570 



The pdysiltok: acid, according to Example 1, which was used In this Example had been stored as a 5% 
solution for about one day and thereafter as a 0.15% solution for 8 hours. When the test was made with the 
pdysiiic acid according to Example 1 directly after its preparation, in an amount of 1 kg/t using 0.15 Icg/t of alu- 
minate, calculated as AI2O3. and 10 kg of cationic starch, the CSF was 625 ml. When the tests were repeated 
with the same polysilicic acid stored for 25 and 75 hours respectively, as a 0.15% solution, the same good 




solution or as a 1% solution for 1 day. 



Example 5 

35 

In this example the retention of fillers and fine fibres was measured. The stock was made up from 25% 
chemical pulp and 75% groundwood pulp and contained 30% chalk. 0.5 g/l of Na2SO4.10H2O had been added 
to the stock which had a concentration of 5.1 g/l and a pH of 8.5. The content of fines in the stock was 48,1%. 
The retention measurements were made with a "Britt Dynamic Jar" at a rpm of 1000, Aluminate was used as 

40 aluminum compound in an amount of 0.15 kg/t calculated as AI2O3. The cationic retention agent was catlonk; 
sterch and it was added in an amount of lOkg/t and the polysiltek: acid was added in an amount of 1 kg/t All 
amounte are on dry stock system (fibres and f lllere). Sonfie different polysilic acids were used: A) a polysilicic 
acid according to Example 1 which was used directly after ite preparation. B) a polysilicic acid prepared ac- 
cording to the following: A water glass (NazO.a.SSiOi) solution. 1% with regard to SiOz. was ion exchanged to 

45 pH 2.3 and stored for one week. The polysilicic acid had a specific surface area of about 1600m2/g. C) a poly- 
silicic acid prepared according to the following: 2.61 g of 97% H2S04 were diluted to 250 g. 190.5g of 5^5% 
Na20.3.3Si02 were diluted to 500.4 g. 280.5 g of the last solution were added to the dUuted sulphuric acid sol- 
ution and 530.5 g of polysilicic acid was hereby obteined and this was diluted with 30.6 g of water and the 
resulting polysilic add then had a SiOz content of 1% and a pH of 2.4. The specific surface area was measured 

50 to about 1 500m2/g. D) a polysilicic acid, activated silica, prepared according to the following: 776.70 g of 5.1 5% 
water glass (Na20.3.3Si02) were diluted to 1000 g. 15.40 g of 96% sulphuric acid were diluted to 1000 g. The 
two solutions were mixed and hereby activated silica with an SiOj content of 2.0% and a pH of about 8.75 was 
obteined. This solutfon was allowed to stand for about 1 hour and was then acidified with additk)nal H2SO4 to 
a pH of about 2.5 and^dOuted with water to an SiOa c ntent of 1.0%. The specific surtece area was measured 

55 to1540m2/g. 
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kq/t Polvslllclc acid Retention % 





A 


71.1 


0 • 15 


A 


85.0 




B 


68.0 


0-15 


B 


88.0 




C 


40.4 


0.15 


C 


69.0 




D 


65.0 


0.15 


D 


74.0 



IS Example 6 

In this example a stock of groundwood pulp with addition of 0.5g/l of Na2SO4.10H2O was used. The pulp 
had been beaten to 120 ml CSF and its pH had been adjusted to 4.5 with H2SO4. Sodium aluminate was used 
as aluminum compound and added in varying amounts to the given pH. After addition of aluminate, polysilicic 
20 acid according to Example 1 and commercial silica sol according to Example 2 were added and cationic starch 
(CS) was added lastly. The drainage results in the tests are given in ml CSF. 



pH AI2O3 Polysilicic Comm. CS CSP 

kq/t a cid, kq/t sol kq/t Ica/t ml 

4.9 0.15 1 270 

5.2 0.30 I - 10 

S.S 0.60 1 - 10 380 

4.9 0.15 - 1 10 

5.5 0-60 - 1 10 



200 
260 



35 Example 7 



In this example the same stock and dosage order as in Example 4 was used and the effect of varying 
amounts of polysilicic acid, stored as originally in Example 4, and commercial sol respectively, according to 
Example 2 was investigated. Sodium aluminate was used as aluminum compound in all tests and the cationic 
40 retention agent was cationic starch (CS). The effect on dewatering was evaluated as described earlier. 
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10 



15 



20 



25 



A1203 


CS 


Polys 1 


kq/t 


kq/t 


acid . 




10 






10 






10 




■ 


10 




0.04 


10 

• 




0.075 


10 




0.15 


10 




0.3 


10 






10 


0 .25 




10 


0.5 




10 


1 




10 


2 


0 .04 




U • Z3 


0.075 


10 


0.5 


0.15 


10 


1 


0.3 


10 


2 



Comm. 

sol. jCQ/t 

0.25 
0.5 
1 
2 

0.25 
0.5 
1 
2 



ml 
390 
420 
505 
550 
410 
450 
570 
590 
460 
520 
570 
590 
510 
615 
710 
700 



Example 8 




35 



40 



and cationic retention agent, cationic starch (CS) and cationic polyacrylamide (PAM, Percol 292), was inves- 
tigated. The stod( was a groundwood pulp stock with a pi-l of 7.5 and contained 0.5 g/1 of Na2SO4.10H2O. The 
chemicals were added to the stock in the following orden aluminum compound, cationic retentton agent and 
finally pdysilicic acid. CSF was measured as described earlier. The pdysilicic acids used in the tests were B) 
according to Example 5, C) according to Example 5, D) according to Example 5, E) a polysilteic add acooiding 
to B) for which pH had been adjusted to 8.5 with NaOH and which had then after 10 minutes been diuted to 
a concentiation of 0.15%, F) a polysilicic acM, activated silica, prepared by addition of sulphuric acid to water 
glass to a sdutton containing 2% Si02 and having a pH of 8.7. The solution was diluted to 1% SiOz and then 
used directly, G) a polysiicic acid according to F) which had been stored for one hour at a pH of 8.7 and a 
concentration of 2% and then t>een diluted to 1% before use. 
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AI2O3 


Cationic retention 


Polys lliclc 


CSP 




Jcg/t 


aaent tvp ;]cg/t 


acid, tvpe;ka/t 


ml 


5 


— 


CS; 


;10 


B;l 


310 




0.15 


CSj 


rlO 


B;l 


520 




- 


CS; 


;10 


C;l 


290 


in 

TV 


0.15 


CS; 


rlO 


C;l 


460 


— 


CS; 


,10 


D;l 


280 




0.15 


CS; 


-.10 


D;l 


435 




- 


CS; 


;10 


E;l 


300 


IS 


0.15 


CS: 


;10 


E;l 


485 




- 


CS, 


no 


F;l 


295 




0.15 


CS; 


;10 


P;l 


470 


20 


- 


CS; 


;10 


G;l 


310 




0.15 


CS, 


;10 


G;l . 


510 




- 


PAM; 


;0.67 


B;l 


390 




0.15 


PAM; 


;0.67 


B;l 


475 


25 


- 


PAM; 


;0.67 


C;l 


345 




0.15 


PAM; 


!0.67 


C;l 


430 






PAM; 


;0.67 


D;l 


385 


30 


0.15 


PAM; 


;0.67 


D;l 


465 


• 


- 


PAM; 


;0.67 


E;l 


370 




0.15 


PAM; 


;0.67 


E;l 


450 


35 


0.15 


PAM: 
PAM, 


rO.67 
;0.67 


P;i 

F;l 


360 
435 






PAM, 


;0.67 


G;l 


365 




0.15 


PAM, 


;0.67 


G;l 


460 



40 

Example 9 



In this example the effect of a combination according to the invention was investigated for a pulp suspen- 
sion for use in the production of pulp sheets. To half a litre of pulp (60% birch sulfate/40% pine sulfate) having 

45 a fibre concentration of 2%, ie 20 g/l, a cationic poiyacryiamide was first added at a stirrer speed of 1200 rpm 
and after 15 seconds the pulp suspension was diluted to 1% and stirred for another 15 seconds. A pdysilicjc 
add according to Example 1 which had been stored as a 5% solution fbr one day was then added as a 1% 
solution. After another 15 seconds the pulp was poured into a BQchner funnel. The aluminum compound was 
alum, and the addition of this was made atXMJt 1 minute before the addition of the cationic polymer. The time 

50 for suction off the water until the surface of the formed pulp sheet was free from visible water was measured. 
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Claims 

20 1. A process for the production of paper by forming and dewatering a suspension of cellulose containing fi- 
bres, and optional fillers, which suspension contains a cationic polymeric retention agent, on a wire, char- 
acterized in that the forming and dewatering talces place in the presence of an aluminum compound and 
a polymeric silicic acid having a specific surface area of at least 1050 m^/g. 

25 2. A process according to claim 1 , characterized in that the aluminum compound is added to the suspension 
before the cationic retention agent and the polymeric silicic acid. 

3. A process according to claim 1 , characterized in that the polymeric silicic acid has a specific surface area 
within the range of from 1 1 00 to 1 700 nri?/g. 




from 1.5 to 4. 



ich has been prepared by acidification of an alkali metal silicate to a pH within the range of 



35 



40 



45 



50 



5. A process according to claim 4, characterized in that the polymeric sQicic add has been prepared by acid- 
ification by means of an acid cation exchanger. 

6. A process according to claim 1. 3, 4 or 5, characterized in that the polymeric silicic acid Is added in an 
amount of at least 0.01 kg/t, based on dry fibres and optional fillers. 

7. A process according to daim 1, characterized in that the aluminum compound is added in a weight ratk) 
to the polymeric silicic add of at least 0.01:1, whereby the aluminum compound is calculated as AI2O3. 

8. A process according to daim 1, characterized in that the cationic retention agent is cationk: starch or ca- 
tionic polyacrylamide. 

9. A process according to daim 1 or 8, characterized in that the cationic retentton agent is added in a weight 
ratk) to t he pdymeric silteic ackl of at least 0.01:1. 

10. A process according to dakn 1, 2 or 7, characterized in that the aluminum compound is alum, alumlnate. 
aluminum chloride, aluminum nitrate, polyaluminum chloride or polyaluminum chloride containing sul- 
phate. 

11. A process according to daim 10, characterized in that the aluminum compound is alum, aluminate, poly- 
aluminum chloride or pdyaluminum chloride containing sulphate. 
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Patentanspruche 

1. Verfahr n zur Herstellung von Papi r durch Bilden und Entwassern einer Suspension von cellulosehal- 
tigen Fasern und gegeb nenfalls Fullmaterialien auf einem Drahtgef lecht, wob \ die Suspension ein kat- 
ionteches polymeres Retentionsmittel enthalt, dadurch gekennzeichnet. da& das Bilden und Entwassern 
in GegenwarteinerAIumlniumverbindung und einer Polykieselsaur mit einem spezifisch nOb rflachen- 
bereich von mindestens 1050 nWg stattf indet 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, da& die Aluminiumverbindung vor dem kationi- 
schen Retentionsinittei und der Polykieselsaure zu der Suspension zugefugt wird. 

3. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, da& die Polykieselsaure einen spezif ischen Ober- 
flachenbereich im Bereich von 1100 bis 1700 m^/g hat 

4. Verfahren nach Anspruch 1 oder 3, dadurch gekennzeichnet, dal^ die Polykieselsaure eine durch Ansdu- 
ern eines Aikalimetallsilikats auf einen pH-Wert im Bereich von 1,5 bis 4 hergesteltte Polykieselsaure ist 

5. Verfahren nach Anspruch 4, dadurch gekennzeichnet, da& die PolykieselsSure durch Ansduern mittels 
eines sauren Katk>nenaustauschers hergestetltvnirde. 

6. Verfahren nach Anspruch 1 , 3, 4 oder 5, dadurch gekennzeichnet, dafi die Polykfeseisdure in einer Menge 
von mindestens 0,01 kg^ bezogen auf die trockenen Fasern undtekultativen Fullmaterialien, zugesetzt 
wird. 

7. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, dad die Aluminiumverbindung in einem Gewichts- 
verhdltnis bezogen auf die Polykleselsdure von mindestens 0,01:1 zugesetzt wird, wobei die Aluminiunv 
verbindung als AI203 berechnet ist 

8. Verfahren nach Anspruch 1 , dadurch gekennzeichnet da& das kationische Retentionsmittel kattonische 
Stirke oder katnnisches PolyacrylamkI ist 

9. Verfahren nach Anspruch 1 oder 8, dadurch gekennzeichnet daft das kationische Retentionsmittel in en 
nem Gewlchtsverhditnis bezogen auf die Polykieseisdure von mindestens 0,01:1 zugefQgt wird. 

1 0. Verfahren nach Anspruch 1 , 2 Oder 7, dadurch gekennzeichnet da& die Aluminiumverbindung Alaun, Alu- 
minat Alumlniumchlorid, Aluminiumnltrat Poiyaluminiumchlorid oder suifathaltiges Pdyaluminiumchlorid 
ist 

11. Verfahren nach Anspruch 10, dadurch gekennzeichnet dali die Aluminiumverbindung Alaun, Aluminat 
Poiyaluminiumchlorid oder suifathaltiges Poiyaluminiumchlorid ist 



Revendlcatlons 

1. Proc6d6 de production de papier par formation et essorage, sur une toile mdtailique, d'une suspension 
de fibres contenant de la cellulose et 6ventuellement de charges, ladite suspension contenant un agent 
de retention polym^re cationique, caract6rls6 en ce que la formation et I'essorage ont lieu en presence 
d'un d6riv6 de Taluminium et d'un acide silicique polym^re, ayant une surface specif ique d'au moins 1050 
m^/g. 

2. Proc6d6 selon la revendication 1 , caract6ris6 en ce que le d6riv6 d'aluminium est ajout^ d la suspension 
avant I'agent de retention cationique et Tacide silicique polymdre. 

3. Proc6d6 selon la revendication 1, caract6rls6 en ce que I'acide silicique pdym^re a une surfece sptei- 
fique comprise dans le domaine allant de 1100 d 1700 m?/g. 

4. Proc6d6 selon la revendication 1 ou 3, caract6rls6 en ce que I'acide silicique polymdre est un acide sili- 
cique polym^re qui a 6t6 pr6par6 par acidification d'un silicate de m6tal alcalin h un pH compris dans rin- 
t rvalle allant d 1 ,5 d 4. 
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5. Proc6d6 selon la revendication 4, caract6ris6 en ce que Tacide silicique polym^re a 6t6 pr6par6 par aci- 
dification au moyen d'un 6changeur d cations sous forme acide. 

6. Proc6d6 selon la revendication 1, 3, 4 ou 5, caract6ris6 en ce que I'acid silicique polym^re est ajout6 
en une quantity d'au nrioins 0,01 kg par tonne de fibres s^ches et 6ventuellement de charges. 

7. Proc6d6 selon la r v ndication 1 , caract6rls6 n ce que I d6rlv6 d'aluminium est ajout6 en une quantity 
telle que le rapport en poids du d6riv6 de I'aluminium h I'acid silicique polym^re est d'au nrioins 0,01:1, 
le d6riv6 d'aluminium 6tant exprim6 en AI2O3. 

8. Proc6d6 selon la revendication 1 , caract6ris6 en ce que I'agent de retention cationique est de I'amidon 
cationique ou du polyacrylamide cationique. 

9. Proc6d6 selon la revendication 1 ou 8, caract6ris6 en ce que I'agent de retention cationique est ajout6 
en une quantity telle que le rapport en poids de I'agent de retention cationique d I'acide silicique polymdre 
est d'au moins 0, 01: 1. 

10. Proc6d6 selon la revendication 1, 2 ou 7, caract6rls6 en ce que le d6riv6 d'aluminium est un alun, un 
aluminate. du chlorure d'aluminium, du nitrate d'aluminium. du chtorurede polyaluminium ou du chlorure 
de polyaluminium contenant du sulfate. 

11. Proc6d6 selon la revendication 10, caract6ris6 en que le d^rivd d'aluminium est un alun, un aluminate, 
du chlorure de polyaluminium ou du chlorure de polyaluminium contenant du sulfate. 
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